Understanding of orbital and periorbital anatomy is critical to the diagnosis and therapy of orbital disorders. Twenty-six cat heads were obtained from the dissecting room in the Discipline of Veterinary Sciences, College of Public Health and Veterinary Sciences, James Cook University, Townsville, Australia for use in this study. After macerating the heads and cleaning the skulls they were grouped by morphology into 15 round-headed and 11 flat-headed skulls. In the flatheaded group, the skulls were elongated with a prominent constriction between the cranium and facial bones and a prominent external sagittal crest, which extended from the nuchal crest. Furthermore, complete to nearly complete fusion of the zygomatic process of the frontal bone with the zygomatic arch resulted in a complete bony orbit.
Introduction
After finishing an anatomy practical, 26 cat heads were macerated for making skeletons. It was noticed that eleven out of the 26 skulls had different morphological features than the other 15. They were elongated, with a prominent constriction between the cranium and facial bones and a prominent external sagittal crest, which extended from the nuchal crest. Furthermore, they showed a complete to partially fused zygomatic process of the frontal bone with the zygomatic arch, resulting in a complete bony orbit (Figs 1-3 ). These observed features characterize the skulls of the flat-headed cats native to the tropical forests of Malaysia, Borneo and Sumatra but which have been listed as extinct in 1985
(1)
. The Australian Government's Department of Sustainability, Environment, Water, Population and Communities mentioned, for management purposes, that cats in general are divided into three categories: domestic (those owned and cared for), stray (those found roaming cities, towns and some rural holdings) and feral cats which survive without any human contact or assistance. These three groups are all of the same species (Felis catus), but individual cats may move between the categories (4) . There are now an estimated 2,7 million domestic cats and over 18 million feral cats in Australia. By 2006, 26% of households had a domesticated cat (Wikipedia, retrieved 25/7/2014 ). These skulls belonged to cats in the domestic category as they were donated to the Anatomy & Pathology Discipline by the owners. Hence, a question is raised about the presence of two types of cat skulls, and the anatomical similarities of the flat-headed cat skulls of Malaysia, Borneo and Sumatra to those of the Australian house cats of this study. Or is the similarity simply a matter of age differences? Most articles and reports on the domestic cats in Australia do not address the anatomy of the different cat breeds. They mentioned only their number (46 recognized cat breeds)
, general morphology and the tail length, the colour and stripes of the coat hair (6) . The aim of this work is to establish a morphometric database on these flatheaded and round-headed Australian cats and to provide guidance in the use of these measurements for diagnosing and treating orbital and periorbital disorders (orbital trauma, tumors and abscesses); and to localize sites for a variety of nerve blocks for surgery and dentistry.
Material and Methods
Twenty-six skulls, including the mandibles, of Australian domestic house cats were macerated and prepared in the Discipline of Anatomy and Pathology, Discipline of Veterinary Sciences, College of Public Health and Veterinary Sciences, James Cook University, Townsville, Australia. Neither the sex nor the age of the cats was recorded. The skulls were prepared using the boiling maceration technique for skeleton preparation described by Simoens et al. (1994) . The skulls were divided according to their morphology into two groups: flat-headed group (11 skulls) and a round-headed group (15 Distance between the basal point of the mandible to the highest level of the coronoid process. 10) Condyloid process to the ventral border (base) of the mandible. 11) Maximum height of coronoid process (Condyloid fossa to height of mandible). 12) Diastema length: Distance from the lateral alveolar incisor root to first cheek tooth (P). 13) Inter-mandibular distance at the level of the last cheek tooth (M).
For measuring the orbital capacity, foramina opening into or with the orbital cavity were plugged with plasticine (plastic clay) and /cotton wool. The communication between the orbital cavity and temporal fossa was blocked with cotton wool and whole orbital cavity was lined with a very thin tissue paper. Then the cavity was filled with mustard seed to the level of the orbital rim. The contents were emptied and measured in a measuring cylinder.
For measuring the cranial capacity, all the foramina of the cranial cavity were plugged with cotton wool. The cavity was then filled with mustard seeds through the foramen magnum up to its brim. The mustard was then emptied into a measuring cylinder to get the cranial volume. The cranial, facial, orbital and skull/cephalic indices were determined using the following equations mentioned by Miller et al. (1964) . ) = ℎ ℎ 100
Data Analysis
Data was stored and analyzed using Microsoft Excel 2010. The craniometrical measurements were taken using a normal caliper and a digital scale was used for weighing. Photographs were taken with a Samsung WB 700 
Results
In the present study, the skull mean length of the domestic flat-headed and round-headed skulls was 10.1 ± 0.9, 8.2 ± 0.72 cm, the mean cranial length was 7.8 ± 0.6, 6.24 ± 0.53 cm, while the mean facial length was 2.3 ± 0.3, 1.9±0.27 cm respectively. The mean skull width was 7.2 ± 0.4, 5.83 ± 0.63, the mean cranial width was 4.3 ±0.2, 4.14±0.22 cm and the mean facial width was 6.7±0.3, 5.43±0.02 cm in both skull types respectively (Tables 1,2 ). The mean cranial index in the flatheaded skulls was 56±4 and in the round-headed skulls was 66.58±4.94, whereas the mean facial index was 298.1±34 and 279.77± 31.87 respectively (Tables 5A, B) . Three shapes of the foramen magnum were detected: round, oval and triangular (Fig 10 The mean distance between the mandibular foramen and the caudal border of the mandible was 1.3±0.4, 0.9±0.2 cm, while the mean distance between the mandibular foramen and the ventral border of the mandible was 0.7±0.2, 0.4±0.1 cm in the flat-and round-headed skulls respectively (Tables 3,4). The distance between the rostral mental foramen and the incisor root was 0.9±0.1 and 0.7±0.2 cm in the flatand round-headed skulls respectively (Tables 3,4) . From the measurements of both cat skull types we can determine that anesthetic blockage of the infra-orbital nerve could be achieved by injecting a local anesthetic solution 1.0-1.6 cm dorso-caudal to the maxillary incisor tooth in both the round-and flatheaded cats respectively. The results of the present study also clarified that for better local anesthetic blockage of the mandiblular alveolar nerve of cats the needle should be introduced 0.9 to 1.3 cm from the ventral border of the mandible in roundheaded cats and about 0.9 cm from the angle of the mandible in flatheaded cats. The mental foramen could be reached for anesthetic blockage of the mental nerve about 0.7-0-9 cm caudal to the mandibular incisor.
Discussion

Skull morphology and development
The two parts of the cat's mandible do not fuse completely allowing some movement 3
. Cats have a weak external sagittal crest arising from the nuchal crest. The dorsal margin of the orbit is formed by the orbital ligament, which is ossified. The inter-parietal bone does not fuse entirely in the adult 3 . This description agrees to some extent with the findings of this study, in different degrees: it applies to the flat-headed skulls but not to round-headed skulls. In addition, the weak external sagittal crest is found only in the round-headed skulls and is absent in the flat-headed cat skulls. Koenig and Liebish (2007) mentioned that in carnivores the dorsal margin of the orbit is formed by the orbital ligament, a structure which is often ossified in the cat. Coulson and Lewis (2008) added that in a Siamese cat 15 years old, the orbital ligament was ossified; and that it was only 0,3 cm long in immature but 1.3 cm long in very old cats after fusion with the zygomatic arch (Ashdown, unpublished) . Slatter and Basher (1993) confirmed that the dorsal wall of the feline orbit is almost entirely bone because the zygomatic process of the frontal bone and the frontal process of the zygomatic come into proximity. They mentioned also that in the dog, the dense collagenous orbital ligament between the zygomatic process of the frontal bone and the frontal process of the zygomatic forms the dorsolateral wall of the orbit. In European wildcats, which are not the same species as the domestic cats, Stefen and Heidecke (2012) found that most postnatal shape changes in the skull occur in its caudal part, including the development of the nuchal and sagittal crest, the change of the relative position of the frontopareital suture, the broadening of the skull at the postorbital process and in the zygomatic width, and elongation of the nasals. Important skull changes occur in carnivores by development of superstructures related to the masticatory apparatus e.g. temporal ridges and a sagittal crest (Carcia-Perea, 1996) . The same author mentioned that although temporal ridges and the sagittal crest show apposite patterns of changes developmentally, their consequences are similar from the functional point of view. The migration and expansion of the origin margins of the temporalis muscle with age would allow an increase of the muscle mass implying an increase in the number of fibers Morphometry of Aus tralian Domes tic cat skulls Saber et al., (Moore, 1981) very likely resulting in a more powerful action (Bock, 1974) . Carcia-Oerea (1996) studied postnatal skull development in four species of Lynxes and categorized four degrees of ossification: borders of adjacent bones separated, borders of adjacent bones contacting, active ossification occurring in the synchondrosis and complete ossification of the synchondrosis. She mentioned also that long sagittal crests are associated with narrow lyres (the surface delimited by temporal ridges, so called by this author), and vice versa. Moreover, she identified four types of sagittal crest: in the juvenile stage, temporal ridges are present, but there is no sagittal crest; a sagittal crest that is poorly developed and restricted to the interparietal region; and a sagittal ridge that is well developed, occupying total length of parietal suture; no lyre present. These four types of sagittal crest were identified in the present study. The four degrees of ossification were also detected in the flat-headed cat's orbital ligaments, although some of them were of young cats as their teeth denote. Zuccarelli (2004) described different morphological measurements between the skulls of wild and captive lions. He mentioned that to compensate the higher degree of strain upon regions of the skull, wild specimens showed an increase in skull surface area, which permits greater distribution of strain as well as larger areas for muscle attachment. The skull growth and development in P. leo is subject to variation not only in different populations, but also even between individual from neighboring prides or from the same pride (Smuts et al., 1978) . These variations are believed to be the result of different foods available to individuals as well as prides and populations (Zuccarelli, 2004) . Taking these results in consideration, feral cats would also show similar variations in these parameters than the domestic cats. The infra-orbital nerve is a branch of the ophthalmic division of the trigeminal nerve. It passes through the infraorbital canal and exits the infra-orbital foramen to supply sensory innervations to the middle part of the face (Pasquini et al., 2007) . The anesthetic blockage of this nerve is achieved by injecting the local anesthetic solution 1.0-1.6 cm dorso-caudal to the maxillary incisor tooth in the round-and flatheaded cats.
Techniques used
Using the mustard seeds for measuring the cranial and orbital capacities is preferred by many authors because of the rounded shape and small size of the seeds (Saber, 1989; Sarma, 2006 , 2011 , 2012 Sarma, 2006; Olopade et al., 2005; Sarma and Sarma, 2002; Onar et al., 2001; Onar, 1999; Regedon at al., 1991 , 1992 , Saber, 1989 Sandhu and Dhingra, 1986; Brehm at al., 1985; Eoa, 1967 and Miller at al., 1964 ). In comparison, domestic cats have a cranial index (CI) greater than 2,75, representing a smaller cranial capacity, which is commonly associated with domesticated animals (Schauenberg, 1969 , Groves, 1999 . Higher value of the cranial capacity of wildcats is induced by the frontal part of the skull, which is more arched (Krueger et al., 2009) . Stcharski et al. (2010) reported that increase of the length and the breadth of visceral-cranium takes place not only during cat maturation but also after this period in adult animals. They mentioned also that cranial indices show that the ratio of the total cranium length does not change in three age stages of domestic cats.
Foramen magnum
The foramen magnum was round, oval or triangular in shape in both flatand round-headed cat skulls of the present study. Chethan et al. (2011) mentioned that the foramen magnum shapes in 53 human skulls were determined as round in 22.6% of cases, egg shape in 18.9%, tetragonal in 18.9%, oval in 15.1%, irregular in 15.1%, hexagonal in 5.6% and pentagonal in 3.8% of the cases. In the 20% of skulls Burdan et al. (2012) mentioned eight shapes were described for the foramen magnum in human skulls; circular, two semicircular, heart-like, wide oval, bi-rounded oval, ventrally wide oval, bi-pointed (Saber, 2015) . The inferior alveolar nerve is a branch of the mandibular division of the trigeminal nerve and is sensitive in nature. It runs about 10 mm before its emergence into the mandibular foramen, passing in the mandibular canal and exiting from the mental foramen as the mental nerve (Getty, 1986 and Onar, 1999) . Anesthetic blockage of the inferior alveolar nerve promotes the anesthesia of the premolar, canine and incisor teeth, skin, cheek mucosa and lower lip (Muir, 2001) . The present study clarified that for better local anesthetic blockage of the mandibular alveolar nerve of cats the needle should be introduced 0.9 to 1.3 cm from the ventral border of the mandible and about 0.9 cm from the angle Morphometry of Aus tralian Domes tic cat skulls Saber et al., of the mandible in the round-and flatheaded cats respectively. The mental foramen could be reached for anesthetic blockage of the mental nerve about 0.7-0.9 cm caudal to the mandibular incisor. Moreover, the complete bony orbit that characterizes the flat-headed skulls should be considered prior to performing orbital surgery (Slatter and Basher, 2003) .
Conclusion
There are two morphological categories of cat skulls in Australia, flat-and round-headed. To confirm the wild or Asian origin of the flat-headed ones more study is needed, perhaps DNA typing and comparisons to Asian and/or European or African population.  The infra-orbital nerve can be blocked by introducing the needle 1.0 to 1.6 cm caudodorsal to the maxillary canine tooth in the round-and flatheaded cats respectively.  For better local anesthetic blockage of the mandibular alveolar nerve of cats, the needle should be introduced 0.9 to 1.3 cm from the ventral border of the mandible and about 0.9 cm from the angle of the mandible in the round-and flatheaded cats respectively.  The mental foramen could be reached for anesthetic blockage of the mental nerve about 0.7-0.9 cm caudal to the mandibular incisor. 
